Information on marine and estuarine capture fishery activity in northern Todos os Santos Bay, northeastern Brazil, based on daily data collected between September 2003 and June 2005 is presented. Small-scale artisanal fishery in this area includes the use of traditional vessels both nonmotorized and motorized for locomotion, being carried out mainly by canoe or on foot, and involves many different kinds of gear, including gillnet, hook and line, seine nets, and traps. A total of 113 taxa were grouped into 77 resources, including 88 fish, 10 crustaceans, and 15 mollusks. Data on nominal catches of fish, crustaceans and mollusks are presented by month and location. A total of 345.2 tonnes of fishery resources were produced (285.4 tonnes of fish, 39.2 tonnes of fresh invertebrates, and 20.6 tonnes of processed invertebrates). Temporal variation in the fish catch was associated with the life cycle of the species or with the hydrographic conditions. The first-sale value of this catch amounted to around US$ 615,000.00, fishes representing 71.3% of it. A table of the average price of each fishery resource is presented. The results produced in this study may be considered a reference for future monitoring programs of fishery resources in the area.
INTRODUCTION
Todos os Santos Bay (12.61-13.13°S / 38.45-38.82°W), one of the most important waterways in Brazil (1,100 km²), is a complex ecosystem with brackish and marine waters, small internal bays, many islands, reefs, rivers, estuaries, mangroves, and rain forest, and has been a protected environmental area since June, 05 1999 in accordance with state law n° 7595 (GOVERNO DA BAHIA, 2007) . Thirteen towns, including Salvador (capital of Bahia State), the ports of Salvador and Aratu, the Aratu naval base, chemical and oil terminals, an oil refinery, and small oil fields are also located on Todos os Santos Bay. The northern portion of the bay lies within the area of four municipalities (Madre de Deus, São Francisco do Conde, Salvador and Candeias), which have been under the direct influence of the oil terminal (Madre de Deus) and the PETROBRAS oil refineryRefinaria Landulpho Alves Mataripe -RLAM (São Francisco do Conde) since 1949. There are thus many sources of anthropogenic pollution such as sewage disposal and industrial waste, the latter consisting mainly of oil refinery effluents.
According to Wake's review (2005) on the ecological impacts of oil refineries on the aquatic environment, there have been many studies concerning the lethal toxicity of refinery effluent, but few studies on the sub-lethal effects. The author pointed out the need for sub-lethal effect studies, especially because the refinery effluents are cleaner now and are more likely to be having sub-lethal rather than lethal effects. The author also pointed out the need for field studies to document the sub-lethal effects of pollutants on the growth and recruitment of aquatic organisms.
While it may be difficult to document individual effects on particular species, it might be possible to examine existing data streams to infer effects due to pollutants. For example, the variability of the fishery production may be a measure of the sublethal effects of the oil effluent on the community or population, through the analysis of the variability in species diversity and abundance.
In this context, the aim of this study is to characterize the fishery activities in the area under the influence of the oil refinery and the oil terminal, between September 2003 and June 2005. The catch compositions, their variation from locality to locality and over the months, and the different fishery techniques employed are described. This investigation was conducted within the scope of the "Environmental Monitoring Program of the Estuarine Area near the RLAM Refinery" coordinated by Cenpes/Petrobras in partnership with IOUSP -Instituto Oceanográfico da Universidade de São Paulo (Oceanographic Institute of the University of São Paulo). The purpose of this program was to describe the estuarine region around the oil refinery RLAM in terms of the physical, chemical, and biological aspects of the water and the sediment.
Fishing in the northern portion of Todos os Santos bay, as well as the fisheries on the coast of the state of Bahia, could be described as a typical smallscale artisanal fishery (DIAS-NETO; DORNELLES, 1996) , providing food and livelihood for the local community. Although the northern sector of Todos os Santos bay is not considered an important region for the fish trade, this activity is an alternative source of income for the poorer sectors of the community, either temporarily or part-time (ALMEIDA, 1996, unpublished) ; SILVA, 1996, unpublished) ; GIANNINI, 2000 (unpublished) .
According to the Madre de Deus city hall, depending on the political-economical context, fishery resources can serve as both food supplement and source of income (GIANNINI, 2000 (unpublished) . Local fishery resources from estuaries, mangroves, inter-tidal zones, and reefs are exploited. They have been sold locally within the communities or by traders in the larger neighboring towns such as Salvador, the capital of the state and an international tourist center (GIANNINI, 2000, unpublished) .
The assessment, monitoring, and enforcement of the fishery resources and fishery activities are very important for conservation and management. However, according to Giannini (2000, unpublished) ), the information on fisheries required for a detailed diagnosis was not available for the Madre de Deus island area or for the state of Bahia as a whole. In addition to the gaps in basic and applied studies, the few research results available are grey literature. This is true of the Brazilian coastal artisanal fisheries as a whole, which need studies on stock assessment as a support for the national policy (VASCONCELLOS et al., 2007 (Fig. 1) . Those sites may be considered as capture locations due the limited operational range of the traditional vessels involved.
The local fishermen were trained for collecting scientific data on the forms, supplemented by their fishing knowledge. The fieldwork was supervised by a researcher and coordinated by the fishing association of Madre de Deus municipality working with a team of seven local fishermen, trained to collect data. During the sampling period, these fishermen were first trained, and then meetings were held monthly or every two months to monitor, evaluate, and review the form filling and to correct the identification of the organisms, for the purpose of maintaining confidence in the data.
Data registered on the forms were: name of the fisherman or fisherwoman; location, date and time of the fishing activity; name and type of the vessel; type of fishing gear employed; name, biomass, and first sale value of each resource.
Catches of fish, crustaceans and mollusks are expressed in biomass, which is the nominal weight at the time of capture, or in gutted weight in the case of some crustaceans and mollusks. A mass (kg) conversion table for the various trading units was made in order to calculate the total production, mainly for crustaceans and mollusks (Table 1) . This conversion was based on the biomass provided and used by the fishermen. Data on total production of fish, crustaceans, and mollusks were calculated monthly, for each location. Data from Passé were excluded from the temporal comparative analyses because they did not cover the whole monitoring period. A list of local names and taxonomic identification of fishes, crustaceans, and mollusks was prepared. Organisms were identified by the authors of the present paper according to specific taxonomy guides (FIGUEIREDO, 1977; MENEZES, 1978 MENEZES, , 2000 FIGUEIREDO, , 1985 RIOS, 1994; MELO, 1996 MELO, , 1998 MENEZES et al., 2003) . The validity of species was based on Eschmeyer and Fong (2008) , ITIS (2008) and Conchas do Brasil (2008) . A reference collection (56 fish resources) named as the PROMARLAM series was deposited in the biological collections of the Oceanographic Institute of the University of São Paulo.
RESULTS
Observations during the monitoring visits to the study area indicated a lack of cooling and freezing facilities on the boats, in the fish market of Madre de Deus, and in the three fishery organizations, demonstrating the poor infrastructure of fishing activities. The fishery catch is transported to the landing sites by boat and sold on the spot, on the street, or in the market. Thus, fishing activity is limited by distance due to the availability of boats, and the transit time due to the perishability of the products.
Catch data, based on 24,218 forms, showed that fishing activity was performed by 1,429 fishermen and fisherwomen, most of them (90%) only working at one landing site. Fishing grounds were reached mainly by canoes (61%), small boats (9%), or on foot (21%); however, these vessels are only used for locomotion, not as fishing platforms. The canoes (3-5 m. long) are wooden vessels, propelled with paddles, some of them with an auxiliary sail, usually operated by one or two fishermen. The boats (4-6 m. long) are fitted with a low-power inboard engine (11 HP or less), and usually operated by two or three fishermen. Fishing activity takes place in the near-shore waters due to the range of the traditional artisanal vessels, and also along the intertidal zones, during the morning (59%).
A total of 47 fishing gear names were registered, classified according to the type of fishing for which they were used, in addition to free diving. A brief description of each gear or set of gear is presented in Table 2 . One to five kinds of gear were used in each fishing activity, characteristic of multiple gear fishing. Gathering by hand or with simple hand implements (spoon, axe, hatchet, and shovel) was the most frequent method employed (occurrence of 31%), mainly for gathering bivalve species on foot in the intertidal zones of two sites (Caípe and Cação). Other common fishing techniques were fixed gillnet (passive gear) and handline and longline fishing (active gear). Line fishing was mainly used in Bom Jesus and Maria da Guarda islands, and fixed gillnets in Paramana and Passé. A local kind of encircling net known as abalo, a kind of passive-active gear, was mainly used in Passé and Madre de Deus Island; in this method of capture, the paddle is hit on the water (or on the bottom of the boat) to make a noise and to frighten the fish towards the surrounding net and thus get entangled in it. In addition, a range of net types was applied, including beach seine nets, traps, cast nets, luring, and encircling nets. Free diving was usually performed by only one fisherman (averaging two-minute duration) for handcapture of some mollusks (fighting conch -peguari or ark -sambá) and lobsters, or for hunting lobsters and some fishes with a spear. Cages or baskets made of various materials (wood, metal, bamboo) set with baits. The "jereré" is a saclike net used in shallow waters or from the boat.
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Total of filled forms 23061 * Multiple answers **Handline and longline coupled Species An estimate of 113 taxa (species or genera), grouped into 77 aggregated fishing resources, including 88 fishes, 10 crustaceans, and 15 mollusks, was made for the study area (Table 3) . These include pelagic, bentho-pelagic, benthic, intertidal, and coralreef species. The resources of high catch biomass were small pelagic fishes, such as herrings (Clupeidae) and anchovies (Engraulidae), several species of mullet (Mugilidae), and several species of ray and skate. Other species are included among the representative bentho-pelagic resources: jack (Carangidae), mackerel (Scombridae), and weakfishes (Sciaenidae); and among the benthic or demersal resources: catfish, shrimp, swimming-crab, ghost crab, land crab, oyster, snappers (Lutjanidae), and seabream (Sparidae).
Catches
A total of 345.2 tonnes of fishery resources was produced during the monitoring period (22 months), composed of 285.4 tonnes of fishes, 39.2 tonnes of fresh invertebrates, and 20.6 tonnes of processed invertebrates.
Monthly, the total fish production ranged from 8 tonnes (February 2005) to 19 tonnes (February 2004) (Fig. 2) . The highest production occurred in the first quarter (summer) of 2004; the fourth quarter (spring) of 2003 and 2004 showed the same trend, with a decrease in production between October and November, and an increase in December. The most frequently captured fish were rays, mullet, herrings and anchovies. Other representative resources were catfish, horse-eyed, jack (cabeçudo), lane snapper (vermelho), weakfishes (pescada), serra Spanish mackerel (sororoca), and western Atlantic sea-bream (sambuio). The production of rays was primarily responsible for the monthly variation in total production. There was an alternation between the production of mullet, and that of herrings and anchovies. The production of mullet was higher during the fourth quarter (spring) of 2003 and first quarter (summer) of 2004, the production of herrings and anchovies was higher from the second (fall) to fourth (spring) quarters of 2004 (Fig. 2) . During the study period, the highest production occurred in Bom Jesus, and the lowest in Caípe (Fig. 3) , with biomass variation of the most important fish. (Fig. 4) . The highest values were registered in the first (summer) and second (fall) quarters of 2004. There were noticeably lower catches toward the second half of the time series. Catches of shrimps and ghost crabs were primarily responsible for that trend. Total production of processed crustaceans, i.e., the swimming-crabs, was lower than that of the fresh ones, and did not show any trend, amounting approximately to 0.4 tonne monthly during the studied period (Fig. 5) . In contrast to the crustacean production, the larger part (87%) of the catch of mollusks was processed. The highest values were found during the third (winter) and fourth (spring) quarters of 2003, and the lowest, during the second (fall) and third (winter) quarters of 2004 (Fig.  6 ). This trend was due to the production of the West Indian oyster, pointed Venus (papa-fumo), and fighting conch (peguari). The American yellow cockle (rala-coco), the main fresh mollusk resource, showed the highest value during the fourth quarter (springOctober) of 2003 and the third quarter (winterAugust) of 2004 (Fig. 7) .
Fishing catches were sold at the landing spot or in the Madre de Deus market, the only market in the study region. The first value of this catch amounted to US$ 614,995.00, around US$ 28,000.00 per month. Fish resources were responsible for 71.3 % (US$438,491.44) of the total revenue, crustaceans for 20.4 %, and mollusks for 8.4%. The average price of the fish resources varied from US$ 0.78/kg for miscellaneous fish to US$ 3.18/kg for fat snook (robalo-pena). Herring and anchovies are among the cheapest fishes; rays are of intermediate values; and snooks and snappers are the most highly valued fishes (Table 4 ). The table of the first sale value (US$) of crustacean and mollusk resources showed that average value of processed invertebrates was higher than that of the fresh ones (Table 5) . Among fresh crustaceans, lobster showed the highest value (US$ 5.53/kg) while the ghost crab (caranguejo) and the mangrove-crab (aratu) the lowest one; shrimp also had a high price (US$ 3.90/kg). Overall, the average price of processed crustaceans was US$ 4.00/kg, and the processed mollusks reached higher values than the fresh ones, with the exception of squid and octopus. 
DISCUSSION
Worldwide the marine fisheries primarily exploit the continental shelves and coastal waters (LONGHURST; PAULY, 2007), which have long been heavily impacted by human activity. Todos os Santos bay is a populous area which has suffered the corresponding anthropogenic impact of fishing activities, and since 1949 has been under the impact of oil effluents, after the establishment of an oil refinery and oil terminal. Overall in the coastal areas of the world the decline of fishery stocks has been caused primarily by overfishing and environmental degradation, though, according to the concept of Pauly (1988) , it is closely linked to poverty. For example, in eight Asian countries (Bangladesh, India, Indonesia, Malaysia, the Philippines, Sri Lanka, Thailand, and Vietnam) and developing countries such as Brazil, the major contributor to this decline is overfishing, followed by environmental degradation (STOBUTZKI et al., 2006) . Assessment, monitoring and enforcement are crucial for the conservation and sustainable management of fishery resources. It is, further, crucial to identify the natural fluctuations of populations, which depend on the capacity of the environmental and the life cycles of the species concerned as well as on the evaluation of the effects of the anthropogenic impacts (CASPERS, 1987) . Nevertheless, so that the assessment and monitoring may be carried out, the information on the status and trends of fisheries should be provided opportunely, in accordance with the strategy recommended by FAO (2003) . There are many gaps in catch databases and our knowledge of the population dynamics of the stocks in the study area as a result of the priority accorded to the economic vision of the national fisheries policy prior to the end of the 80's. The environmental view of fishing, which regards fishery resources as components of ecosystems, was implemented between 1991 and 1995 (DIAS-NETO, 2002 ; DIAS-NETO; MARRUL-FILHO, 2003) , conjointly with the economic view. Beyond that, the available fishery information from the area has been presented as grey literature or in Government statistical bulletins (IBAMA, 2003 . The main difficulty is the lack of systematic time series data on catch production.
The fisheries in the study area are typically artisanal and small-scale, being carried out with a large variety of techniques, as is generally true of the fishing on the coast of Bahia state (total of 1,188 km, including bays and estuaries; 13% of the Brazilian coast) (IBAMA, 2003; IBAMA, 2007) . A consequence of this complexity is that, due to the variety of gear used as well as to the great variety of species that compose the stocks, the assessment of catch production and of fishing effort are challenging tasks. This is typical of the worldwide scenario of artisanal fisheries and few countries have been successful in implementing adequate data collection and monitoring multispecies stocks under these conditions (VASCONCELLOS et al., 2007) .
Some difficulties, such as the common names of the resources and generally low literacy among the fishermen, were encountered during the study. This is typical of artisanal fisheries in developing countries (OBURRA et al., 2002) and of fishermen living in poorer conditions. In some cases several common names are used for one particular species or many species may be grouped under one common name. The richness of the common names of Brazilian fish species has been the subject of an extensive article, and the authors concluded that it poses a problem for catch statistics because any attempt to assess the relative impact of different resources will be rendered unsatisfactory by the incomplete understanding of the nomenclature involved PAULY, 2005) . We attempted to cope with this problem by revising all the data on the forms carefully during the monitoring visits, but much still remains to be done. A satisfactory solution to the problem of the common names of the resources would be a collection of references to each resource, listing both the common and the scientific names.
The total proportion of the catches of fish, crustaceans and mollusks showed a similar tendency to that of those registered between 2002 and 2006 for the Bahia state coast. Also, the lists of the species caught and of the top fishery resources (sardine and anchovy, mullet, and shrimp) are similar to those available in the literature (CEPENE, 2003 (CEPENE, , 2007 IBAMA, 2008) . The production was dominated by demersal species, following the tendency of the Brazilian capture marine fisheries (FAO, 2005) , and also the tendency of small-scale fisheries worldwide, e.g. in Asia (STOBUTZKI et al., 2006) and in Tanzania (JIDDAWI; OEHMAN, 2002) . A resource peculiar to the Brazilian fishery market is the ghost crab (Ucides cordatus), one of the main mangrove swamp resources in northeastern Brazil, the stocks of which have been managed by the government since 1989 (MOTA, 2005) .
The intra-annual variability of the fish total catch (mainly ray and skate) showed similar trends in the study area to those on the whole of the coast of Bahia state during 2002, the highest production occurring during summer and spring (BAHIA PESCA, 2003) . Different trends were observed depending on the resource category or local conditions, which may be associated with many factors such as oceanographic, meteorological, biological, and socioeconomic conditions, or even oil pollution. The study area is evidently subject to a meteorological seasonal cycle. In the estuary, there is a hydrographic summerwinter cycle, with prevailing marine conditions during the summer and estuarine conditions during the winter (PETROBRAS/FUSP/IOUSP, 2005, unpublished) . Possibly this variability could be linked to fluctuations in the abundance of some resources, as in the case of sardine catches during fall and winter months or the catches of mullet, shrimps, crabs, and fighting conch (peguari) during the spring and summer months. Studies on population dynamics are needed for us better to understand the interactions between the populations and the environment, which may explain the great variations in abundance. However, no basic information on the population dynamics of the main species of the study area is yet available in the literature.
In summary, as expounded above, there are some similarities between our results and those found in the literature in terms of the proportion of the total catch of fish, crustaceans, and mollusks, of the resources most frequently caught, and of intra-annual variability of total catch. But in terms of production, there is a discrepancy both in total catch and in number of fishermen. At first sight, hypothetically, one may attribute this scenario to the impact of oil effluents in the study area. The decrease in fish production, even the collapse or extinction of some fish resource species has also been associated with the oil discharge (PETROBRAS/PANGEA, 2004, unpubliahed) . This is a plausible argument because the oil refinery wastes can produce a severe, negative impact on the aquatic environment. Nevertheless, as things stand, a comparative and critical analysis of the data does not allow one to relate the decrease in the fishery resource production to the oil pollution, because different sampling designs and methodologies have been used to obtain the catch data in the available studies. In view of the lack of a robust database for purposes of comparison, we propose that our results should be used as a reference point for future monitoring of the marine fisheries of the Madre de Deus and nearby regions, with a view to improving responsible harvesting of the wild fish stocks. It serves as an initial baseline contribution to separating the effects of fishing from those of pollution and natural climatic variability.
Our first recommendation is that fisheries statistics should be improved in order to characterize the population dynamics of the fish species and to assess the environmental impact on those dynamics. We also recommend the maintenance of the monitoring of the fish species on a daily basis by the oil companies such as to cover other areas free of oil pollution to serve as control areas. The oil companies should be invited to contribute to a funding source for the purpose of establishing baseline monitoring of fisheries along the Brazilian coast so that we might thus better assess the impact of refineries, terminals, pipelines, off-shore platforms and land wells on the marine environment.
Although complex and challenging, the ideal design for assessing oil pollution impacts would be a BACI (Before/After Control/Impact) design (UNDERWOOD, 1991 (UNDERWOOD, , 1992 SMITH, 2002) . Starting from our baseline, the monitoring of the gathering of shellfish should be distinguished from that of other fishing activities. For the shellfish gathering, Cação and Caípe could be considered as replicated impacted sites, and Maria da Guarda Island and Bom Jesus as control sites. For the other fishing activities, mainly for fish capture, we propose Madre de Deus Island, Paramana and Passé as replicated impacted sites, and the same control sites as those for shellfish gathering.
Abundance of resources in terms of catch per unit effort (CPUE) should be calculated in terms of fisherman/day for each kind of gear and fishing locality in order to assess the status of individual stocks and communities. Population parameters (e.g. growth, mortality) and biological cyclic events (e.g. spawning season, larval time span) should be addressed for detecting short-term (pulse) or long-term (press) impacts (UNDERWOOD, 1991) on the resources. Initially, we propose that population studies should focus on the most abundant and economically important species: the bivalves Crassostrea rhizophorae and Anomalocardia brasiliana for shellfish gathering; the fishes Opisthonema oglinum and Mugil curema for other fishing activities.
The inventory of the common and scientific names of the resources needs to be improved to assess the relative impact on the different resources. Also of paramount importance is the monitoring of the socioeconomic dynamics of the fishing communities.
